Human nerve growth factor-induced B (NGFI-B) is a member of the NR4A subfamily of orphan nuclear receptors (NRs). Lacking identified ligands, orphan NRs show particular co-regulator proteins binding properties, different from other NRs, and they might have a non-classical quaternary organization. A body of evidence suggests that NRs recognition of and binding to ligands, DNA, homo-and heterodimerization partners and co-regulator proteins involve significant conformational changes of the NR ligand-binding domains (LBDs). To shed light on largely unknown biophysical properties of NGFI-B, here we studied structural organization and unfolding properties of NGFI-B ligand (like)-binding domain induced by chemical perturbation. Our results show that NGFI-B LBD undergoes a two-state guanidine hydrochloride (GndHCl) induced denaturation, as judged by changes in the α-helical content of the protein monitored by circular dichroism spectroscopy (CD). In contrast, changes in the tertiary structure of NGFI-B LBD, reported by intrinsic fluorescence, reveal a clear intermediate state.
Introduction
The nuclear receptors (NR) superfamily is comprised of proteins that have evolved to mediate a complex array of extracellular signals into transcriptional responses, regulating many biological processes, including cell growth, differentiation, metabolism, embryogenesis, and morphogenesis of higher organisms [1] . Most of the nuclear receptors reside within the cellular cytoplasm, and migrate to the nucleus to activate transcription of target genes in response to specific lipophilic ligands such as steroids, thyroid hormones, retinoids, vitamin D, prostaglandins, fatty acids, among others [2, 3] . For approximately one-third of identified nuclear receptors no ligands have been identified to date, and hence they are referred to as orphan nuclear receptors [4] . Extensive research conducted in the last several years resulted in the identification of ligands for a handful of orphan nuclear receptors. However, the ligands for a number of orphan nuclear receptors are still unknown, or indeed do not exist [4] .
Orphan nuclear receptor subfamily members share similar structural features within three major structural domains: the N-terminal domain, the most variable in size and sequence [4, 5] ; the centrally-located DNAbinding domain, which is the most conserved and confers the ability to recognize specific target DNA sequences [6] ; and the C-terminal ligand (like)-binding domain, a multifunctional domain responsible for liganddependent transcriptional activation in liganded receptors, and that also plays a role in co-regulators recruitment [7] .
In humans, the NR4A subfamily of orphan nuclear receptors (NRs) comprises three members: NGFI-B (NR4A1), also referred as NAK1, Nur77, ST-59, TR3 and eight other aliases [8] ; NURR1 (NR4A2), and NOR1 (NR4A3). Monomeric, homodimeric, or heterodimeric NR4A receptors regulate target gene transcription from target sequences such as AAAGGTCA, termed NGFI-B response elements [9, 10] in a cell type-and promoter-dependent manner [8, [11] [12] [13] . In addition, NGFI-B and Nurr1 act on DR5 elements (AGGTCANNNAAAGGTCA) as heterodimers with RXR, a common dimerization partner of NRs [14, 15] , whereas NOR-1 fails to form stable RXR heterodimers [13] . In heterodimers, agonist-bound RXR contributes to transcriptional activation [11, 12] . Members of this orphan receptors subgroup exhibit homologous DNA-binding domains, partially homologous ligand (like)-binding and transactivation domains [4] .
All the NR4A receptors play important roles in the nervous, endocrine, and immune systems, and they are an immediate-early response gene products that are induced after stimulation with serum, growth factors, and nerve growth factor [16, 17] . NGFI-B was originally identified by virtue of its rapid induction by serum in fibroblasts and by nerve growth factor (NGF) in cell line PC12 [16, 17] . It is expressed in various tissues, notably the brain, and plays a role in multiple cellular events such as cell proliferation, differentiation and apoptosis [18, 19] . The importance of NGFI-B in the apoptotic process was earlier demonstrated in knockout experiments in T-cell hybridomas [18, 20] . In the thymus, NGFI-B acts upon the T lymphocytes in both proapoptotic [21] and anti-apoptotic manners [22] . However, it was recently shown that NGFI-B protein translocates to mitochondria to initiate the apoptotic process, a distinct function from that carried out by transcription factors [23] . Also, the receptor has been implicated in neurodegenerative pathologies, such as Parkinson disease, maniac depression, and schizophrenia [24] .
The recent crystallographic structures of NURR1 and NGFI-B LBDs revealed that these receptors do not have a canonical ligand-binding pocket (LBP), with significant structural differences from the classical NR [25, 26] . The LBD structure of these orphan receptors reveals a tight packing of side chains of several bulky hydrophobic residues in the LBP, normally occupied by ligands. Moreover, in contrast to what is generally observed in NR LBDs, in the orphan receptors NURR1 and NGFI-B, the co-activator cleft constituted by H3, H4, and H12 has a hydrophilic rather than a hydrophobic nature. These results are consistent with a notion that orphan receptors cannot be modulated by ligands. It was experimentally proved that a different co-regulator interface could be used by Nurr1 to modulate gene transcription [27] . Co-repressors, but not co-activators, were shown to be recruited by (apo) Nurr1 [27] .
Surprisingly, however, Safe and coworkers recently demonstrated that 1,1-bis(3′indolyl)-1-(p-substituted phenyl)methanes containing trifluoromethyl, hydrogen, and methoxy substituents, induce NGFI-Bdependent transactivation in cancer cell lines through cellular apoptotic mechanisms. It was also demonstrated that the ligand binding was LBD-dependent, and it caused conformational changes in the receptor, leading to the steroid receptor co-activator 1 (SRC-1) recruitment [28] . The exact location of the ligand-binding site on the LBD structure and the nature of the conformational changes induced in NGFI-B LBD by ligand binding currently remain unknown.
Moreover, unexpected non-classical dimeric organization of the NGFI-B LBD has been reported recently, as revealed by small-angle Xray scattering (SAXS) analysis and hydrogen/deuterium exchange (H/ D-Ex) studies followed by mass spectrometry [29] . SAXS and H/D-Ex experiments revealed unexpected similarity between NGFI-B LBD and the alternative dimer interface observed in the crystallographic studies of glucocorticoid receptor (GR) [29, 30] , which might be responsible for the ability of GR to inhibit NGFI-B DNA-binding and NGFI-B-dependent transcription on a cellular level [30] .
It is well accepted that NRs recognition of and binding to ligands, DNA, homo-and heterodimerization partners, and co-regulator proteins are mediated by pronounced conformational changes, particularly in their LBD region [7, 15] . However, in contrast with the wealth of structural and functional information available for NRs, little is known about their conformational dynamics. It is clear, for example, that ligand binding provokes drastic changes in both position and orientation of the C-terminal helix 12 (H12), accompanied by conformational dynamics of the other parts of LBD. The same H12 is involved in the interaction with the co-regulator proteins and dimerization partners [7, 31] . It was recently revealed that binding of co-activators to estrogen receptor (ER) induces novel markedly stabilized receptor conformation [32] . Furthermore, it was demonstrated that the ligand binding significantly increases ER thermal stability, the helical content of its LBD [33] , and directly influences ER dimer affinity and dimer dissociation rates [34] . ER interactions with its cognate DNA response elements also markedly improve its conformational stability against temperature denaturation [35] . Finally, the group of Katzenellenbogen probed conformational dynamics of ER by GndHCl-induced unfolding followed by intrinsic tryptophan fluorescence [36] . It was demonstrated that moderate concentrations of GndHCl (c.a. In this paper, we report the first studies of the conformational dynamics of NGFI-B LBD chemical unfolding monitored by a combination of intrinsic and extrinsic fluorescence, circular dichroism spectroscopy (CD), and small X-ray scattering (SAXS) measurements. Taken together, the results indicated the existence of an intermediate state present during the chemical unfolding of NGFI-B LBD. SAXS results indicated that the intermediate obtained with approximately 3 M of GndHCl at 20°C is a partially folded structure. These biophysical studies can be expected to provide essential insights into the understanding of the conformational dynamics and stability of NGFI-B LBD, relevant to a series of important physiological and pathological processes.
Materials and methods

Materials
The bacterial expression vector pET28a(+) and Ni-NTA resin were purchased from Novagen. Guanidine hydrochloride (GndHCl), dithiothreitol (DTT), and 1-anilino-8-naphthalenesulfonic acid (ANS) were purchased from Sigma. All other chemical reagents used in this study were of analytical grade (Sigma, Amersham).
Expression and purification of the recombinant NGFI-B LBD
The expression and purification of the NGFI-B LBD were carried out as described previously [29] . After the purification, the final NGFI-B LBD was in buffer 10 mM Tris-HCl pH 8.0, containing 100 mM NaCl. The NGFI-B LBD concentration was determined from the UV absorbance at 280 nm using the theoretical extinction coefficient (15,845 M − 1 cm − 1 ), based on its amino acid composition, using a U-2001 Hitachi spectrophotometer.
Circular dichroism spectroscopy (CD)
Chemical unfolding of NGFI-B LBD was monitored by far-UV CD spectroscopy using a J-715 Jasco spectropolarimeter equipped with a temperature control. CD spectra were measured from samples in 1.0 mm path length quartz cuvettes, and were the average of 16 accumulations, using a scanning speed of 100 nm min
, a spectral bandwidth of 1 nm, and a response time of 0.5 s. The NGFI-B LBD concentration was approximately 10 μM in buffer 10 mM Tris-HCl pH 8.0, containing 100 mM NaCl and 0.5 mM DTT. Chemical unfolding of NGFI-B LBD was characterized by measuring the ellipticity changes at 222 nm, at 20°C, induced by the increases in GndHCl concentrations (0-6 M). CD spectra were obtained on a degree ellipticity scale. The ellipticity data obtained from the study of chemical unfolding were analyzed assuming that this is an irreversible transition process. The buffer contribution was subtracted in all of the experiments.
Fluorescence spectroscopy
NGFI-B LBD at 10 μM and different GdnHCl concentrations (0-6 M) were used in all experiments. All experiments were carried out at 20°C, in buffer 10 mM Tris-HCl pH 8.0, containing 100 mM NaCl and 0.5 mM DTT in a steady-state spectrofluorimeter model K2 ISS, equipped with a refrigerated circulator. Intrinsic fluorescence spectra were obtained by excitation at 295 nm, and the emission spectra were monitored from 300 to 450 nm. Relevant information about macromolecule conformational flexibility can be obtained by considering the fluorescence spectral center of mass [37, 38] . In this case, the fluorescence spectral center of mass (λ cm ) was calculated, for each concentration of chaotropic agents, according to the equation [37, 38] :
where λ is the emission wavelength, and I(λ) represents the fluorescence intensity at wavelength λ. The buffer contribution was subtracted in all of the experiments.
ANS fluorescence assay
NGFI-B LBD at 10 μM and different GndHCl concentrations, varying from 0 to 6 M, in 10 mM Tris-HCl buffer, pH 8.0, containing 100 mM NaCl and 0.5 mM DTT were used in all experiments. For those experiments performed in the presence of ANS (50 μM), the excitation wavelength was set at 360 nm, and the emission spectra were collected from 400-600 nm. The intensity of the ANS interaction was monitored from the emission intensity measured at 464 nm (after subtraction of the buffer contribution), and determined as a function of the GdnHCl concentration. All experiments were carried out in triplicate at 20°C.
Small-angle X-ray scattering (SAXS)
The NGFI-B LBD concentrations used for small-angle X-ray scattering (SAXS) measurements were approximately 5 mg/mL (200 μM) in 10 mM sodium phosphate buffer, pH 8.0, containing 100 mM NaCl, 1 mM DTT and different GndHCl concentrations (0-3 M). The samples were centrifuged for 15 min at 13.000 ×g (at 10°C) prior to the SAXS measurements and the GndHCl addition. All data were collected on the SAXS synchrotron beamline at the LNLS (Campinas, Brazil) [39] . The wavelength of the incident monochromatic X-ray beam was λ = 1.488 Å. A 2D X-ray position sensitive detector was utilized to record the scattered intensity as a function of the modulus of the scattering vector q (here q =4 · π · sin θ/λ, where θ is half the scattering angle). The parasitic scattering from air and beamline windows were subtracted from the total measured intensities. The sample-to-detector distance (1493.63 mm) was adjusted in order to record the scattering intensity for q values ranging from 0.10 to 2.26 nm
. The samples were loaded into cells made of two thin parallel mica windows, and the cell was kept at 20°C during the measurements. Data analysis was performed using the GNOM program [40, 41] .
Results and discussion
In this study, the unfolding transition and stability of the recombinant NGFI-B LBD were investigated using several biophysical techniques as CD spectroscopy, intrinsic and extrinsic fluorescence spectroscopy and small-angle X-ray scattering (SAXS). The secondary structure stability of the recombinant NGFI-B LBD, in the presence of GdnHCl, was studied by far-UV CD. Fig. 1A shows the CD spectra of NGFI-B LBD at 20°C (pH 8.0) in different GndHCl concentrations (0, 2.5, 3.75 and 6 M). The CD spectrum of NGFI-B LBD at 20°C and 0 M GndHCl exhibits two negative minimums at approximately 222 and 208 nm, indicating a substantial amount of α-helical structure (Fig. 1A, solid line) . Probing α-helical content of the protein at 222 nm (Fig. 1B) , we observed a loss of secondary structure with the increase in the GndHCl concentrations, suggesting a loss of NGFI-B α-helical content. Fitting the data (Fig. 1B) resulted in a denaturant concentration, [GndHCl], equal to 3.2 ± 0.1 M at the middle of transition. These results suggest that there are no intermediates present in detectable amounts during the chemical unfolding transition monitored by CD. In addition, NGFI-B LBD can be completely unfolded by treatment with 6 M GdnHCl at room temperature (Fig. 1A, dash-dot line) . The refolding of the recombinant NGFI-B LBD revealed that the chemical unfolding by GndHCl was irreversible (data not shown).
To examine in more detail this apparent two-state transition of the protein secondary structure, we analyzed changes in the fluorescence emission using the same chemical denaturation protocol. Thus, chemical unfolding of NGFI-B LBD was studied by intrinsic fluorescence spectroscopy at 20°C. Fig. 2A shows the fluorescence spectra of the recombinant NGFI-B LBD in different GndHCl concentrations (0, 2.5, 4.5 and 6 M). The presence of two tryptophan residues, W419 and W481, in the recombinant NGFI-B LBD allowed us to follow the unfolding transition. The tryptophan residues W419 and W481 are located, respectively, at the C-terminal part of helix 3 and the Nterminal part of helix 5 of the LBD, and they are buried within the protein matrix (Fig. 2B) . Since aromatic residues, tryptophans in this case, are extremely sensitive to the polarity of their immediate environment, changes in the center of mass of the fluorescence signal reflect conformational changes induced in the protein [37, 38] . The spectral center of mass (λ cm ) of each emission spectrum as a function of GndHCl concentration (0-6 M) is shown in Fig. 2C . The changes in the tertiary structure of NGFI-B LBD as a function of GndHCl concentration reported by the intrinsic fluorescence emission (Figs. 2  and 3 ) do not coincide with the CD spectroscopy data.
The intrinsic fluorescence data show that the recombinant NGFI-B LBD has an emission peak at approximately 334 nm, suggesting that, on average, its two tryptophan residues are buried inside of a solvent inaccessible protein core ( Fig. 2A) . However, the incubation of the protein with increasing amounts of GndHCl resulted in a significant shift in the center of mass [37, 38] and a bathochromic red shift in the fluorescence emission maximum (from 334 nm to 360 nm), and also in a severe quenching of the fluorescence emission intensity ( Fig. 2A  and C ). In contrast with the CD results, the GndHCl-induced unfolding as monitored by the intrinsic fluorescence unambiguously reveals an intermediate state at the GndHCl concentrations around 2.75 M and 3.5 M (Fig. 3 ). An abrupt loss of tertiary structure is observed above 3.5 M of the denaturing agent. Finally, the fluorescence emission spectra of NGFI-B LBD at high GndHCl concentrations (5 to 6 M) suggest that both tryptophan residues are highly exposed to the aqueous environment (maximum red shift of~360 nm), characteristic of a completely unfolded protein. Again, the chemical refolding of NGFI-B LBD studies by fluorescence emission appeared to be an irreversible process (data not shown).
The fluorescence data therefore clearly reveal aspects of the chemical denaturation of NGFI-B LBD which are not evident from the CD data. Structural alterations of the molecule begin to occur at much lower GndHCl concentrations. However, between 2.75 M and 3.5 M GndHCl concentrations, alterations in the secondary structure occur whilst retaining both tryptophans buried within the hydrophobic core. The fluorescence data readily permit the identification of an intermediate along the unfolding pathway, which is not observable by CD spectroscopy. The reduction in the intensity of the negative CD signal at 222 nm suggests that this intermediate has a lower relative α-helical content than the native structure.
To better characterize the nature of the conformational intermediate observed by intrinsic fluorescence in terms of hydrophobic surface exposure, we used the extrinsic fluorescence marker, ANS, for probing of exposed hydrophobic areas of the chemically induced denaturation of NGFI-B LBD (Fig. 4) . The fluorescence probe ANS binds non-covalently to hydrophobic surfaces in partially folded intermediates with much higher affinity than to native or completely unfolded proteins [42, 43] , resulting in a marked increased in the fluorescence emission when compared with the emission of free ANS in aqueous solution. Fig. 4A shows ANS spectra in the presence of NGFI-B LBD and several GndHCl concentrations (0, 1.5, 3 and 6 M). As can be seen in Fig. 4A (solid line) , ANS shows a detectible affinity for the protein even in the absence of GndHCl, indicating the presence of exposed hydrophobic regions on the native structure. This rises significantly within a relatively narrow concentration range presenting a maximum increase of approximately threefold, corresponding to a GdnHCl concentration of 1.5 M, and indicating increased exposure of additional hydrophobic regions in the protein as a consequence of chemical unfolding. At GndHCl concentrations above 1.5 M a marked decay of the fluorescence signal is observed and, as expected, the partially folded structure observed between 2.75 M and 3.5 M GndHCl no longer exhibits hydrophobic patches exposed to the solvent, as judged by the loss of ANS binding (Fig. 4B ). The addition of 5 M-6 M GndHCl completely abolished the binding of ANS to NGFI-B LBD (Fig. 4A and B) .
Taken together, all data permit us to infer that the transition from the native state to that of the intermediate involves alterations at both secondary and tertiary structural levels. An apparent loss of α-helical content is accompanied by an increase in the exposed hydrophobic surface whilst simultaneously retaining the burial of both tryptophan residues within the hydrophobic core.
SAXS is a technique applicable to the analysis of the global shapes, dimensions and oligomeric states of macromolecules in solution. The Xray scattering curves for NGFI-B LBD in the presence of 0 M, 1 M and 3 M GndHCl concentrations were acquired. The X-ray scattering data collected from the native protein samples are consistent with the nonclassical NGFI-B LBD homodimer observed in our previous experiments [29] . SAXS measurements in the presence of high concentrations of GdnHCl (N3 M) were not possible due to the high X-ray absorption by the GndHCl molecules in the solvent. In Fig. 5A , the curves corresponding to the native protein, after subtraction of the buffer scattering, are shown together with those of the samples containing 1 M and 3 M urea within the q range up to 0.25 nm
. The raw scattering data clearly show that there are structural alterations of the molecule at both 1 M and 3 M GndHCl, as compared with the native one. In particular, the scattering curve measured in the presence of 3 M GndHCl is given as it corresponds to conditions where the plateau is observed in the intrinsic fluorescence experiments and therefore to an intermediate (Fig. 2C) . In the presence of denaturant, the quality of the scattering curves limited the usable data to less than 1.5 nm
For a more sensitive analysis of the effects of GndHCl on the global compactness of NGFI-B LBD, the SAXS data have been analyzed in terms of the Kratky plot [44] . The Kratky plot, in Fig. 5B , aids in the structural interpretation of such alterations. For a system with a compact shape, this plot shows a well defined curve with an initial rising portion followed by a marked descent thereby forming a well defined maximum [45, 46] . Nevertheless, the expected curve for a polymer in an extended or random coil conformation rises to a characteristic plateau, with no well defined maximum [47, 48] .
As can be seen in Fig. 5B both curves corresponding to measurements made in the absence of GndHCl (the native structure), and in the presence of 1 M GndHCl, show the well defined maxima expected for compact structures. However, in the case of the intermediate (3 M) the Kratky plot indicates an alteration both in the peak intensity and its position indicating that alterations to the compactness of the structure have occurred. This behavior is typically exhibited by elongated chains [45, 46] , indicating that in the presence of 3 M GndHCl NGFI-B LBD is unfolded, different to that observed for the native species. The maximum dimension of this dimer (as determined from the pair-distribution function) is 10 nm, which is consistent with the open NGFI-B homodimer mediated by a novel, non-canonical dimerization interface [29] . The intermediate, on the other hand, has a larger maximum dimension than the native structure (20 nm). The radii of gyration (R g ) for NGFI-B LBD in its native state, and in the presence of 3 M GndHCl, show an increase in this parameter, from 2.99 nm to 7.34 nm.
Furthermore, from the dimensions of the particle it is clear that the concentrations of GndHCl necessary to induce the intermediate formation do not lead to the dissociation of the dimer. This fact is also consistent with the native gel electrophoresis experiments, which show that NGFI-B dimers are the predominant species at all concentrations of GndHCl used in the assays (0 to 3 M) (data not shown). In the presence of 3 M GndHCl, the Kratky plot displays not well defined peak, indicating that NGFI-B LBD has largely lost its compact core (Fig. 5B ). This is consistent with both fluorescence and ANS fluorescence data, which indicate that under these conditions, the protein is denatured but both tryptophan residues remain partially buried.
In conclusion, the unfolding behavior of NGFI-B LBD in GndHCl was found to be a two-step process at pH 8.0 and 20°C. The first step led to the formation of an intermediate conformation, followed by a second step that was due to the unfolding of the intermediate state. This intermediate presents the following characteristics: 1) it has reduced secondary structure content, 2) it has largely lost its compact core, 3) it does not exhibit hydrophobic patches exposed to the solvent and 4) it retains its native tertiary structure in which both tryptophan residues remain partially buried inside the hydrophobic core. Moreover, quaternary structure of the NGFI-B non-canonical "open" dimer is maintained in the intermediate state induced by GndHCl. This fact clearly indicates that the observed non-classical dimerization interface is very resistant toward chemical perturbations, and indicates an importance of this quaternary structure architecture for the homodimerization of NGFI-B in solution. Fig. 6 summarizes schematically the different conformational states described in this study.
Our experimental study reveals that similarly to estrogen receptor, the orphan nuclear receptor NGFI-B forms partially folded intermediate state induced by denaturant. Both ER and NGFI-B exhibit increased exposure of hydrophobic regions of the LBDs at GndHCl concentrations close to 1.5 M. In structural terms, this may be related to the repositioning of the C-terminal H12, and partial destabilization of the parts of the LBDs with the simultaneous exposure of the hydrophobic regions of the protein to the aqueous environment. The repositioning of H12 regulates accessibility of a hydrophobic cleft formed by parts of helices 3, 4, 5, and 12, which assemble a docking site for the LXXLL sequence motif found in various co-regulator proteins [47] [48] [49] . Although it is believed that in non-liganded ER the H12 is in an open conformation [50] , whereas in the crystal structure of the orphan NR NGFI-B it seals the entrance of the LBD [26] , mild denaturing conditions have very similar effect on these two proteins. The reason might be the fact that in solution H12 is in fact in the dynamic equilibrium between "open" and "close" conformations, which seems to be shifted toward more "hydrophobically exposed" state of the LBD by the influence of GndHCl. These observations find support in the biophysical and computational studies of another nuclear receptor. Our preliminary studies of urea-induced denaturation of thyroid hormone nuclear receptor ligand-binding domain (TR LBD) show that this nuclear receptor also loses a significant portion of the secondary structure elements, and its denaturation involves the formation of an intermediate state at the relatively low denaturant concentrations (approximately 1.5 M of urea, data not shown). Although the intermediate has a reduced α-helical content, it preserves both tertiary and quaternary structures. Furthermore, our molecular dynamics simulations of the temperature-induced denaturation of TR LBD reveal that denaturing of the receptor starts with the graduate decrease of the α-helical content of the protein, beginning with the C-terminal helix 12, and progresses to a very significant lost of the secondary structure without affecting overall compactness of the protein. Finally, the protein denatures, losing both secondary and tertiary structures (unpublished results). These observations indicate that NR LBD denaturation, which begins by the graduate lost of the alpha helical content at relatively mild denaturation conditions, and involves formation of a partially melted intermediate, might be common for a number of nuclear receptors. This behavior seems to be directly related to NRs structural organization, which involves a loosely folded and conformationally flexible C-terminal alpha helix H12, important for NR function.
It is obvious that not every NR follows this scenario in all details. For example, there are several differences in the conformational dynamics between NGFI-B and ER. ER LBD undergoes two-state transition from native into denatured state (for apo-ERα LBD the middle of transition corresponds to 1.5 M GndHCl [36] ), whereas NGFI-B LBD unfolds through the intermediate state observed at higher GndHCl concentrations (approximately 3 M). This orphan receptor intermediate still preserves part of its secondary structure, retains it tertiary structure, and does not present anymore-exposed hydrophobic regions. We argue that some of these differences could be directly related to the fact that the ligand-binding (like) pocket of the orphan NR is occupied by bulky hydrophobic side chains, and does not contain a cavity which would accommodate ligand in the NRs capable of ligand binding. Ligand-binding and co-regulators recruitment must occur differently in the NGFI-B, and perhaps other orphan NR of the same family, as judged by the absence of internal volume in the native structure sufficient for ligand docking, and also by the novel quaternary organization, which permits an access to the alternative co-regulator-binding sites [51] . By analogy with the ER [36] , it is tempting to speculate that the observed intermediate is directly related to the NGFI-B LBD transitional state, temporarily accessed by the orphan nuclear receptor under native conditions upon interactions with the co-regulator proteins and, perhaps, ligands. This argument is supported by the fact that the observed intermediate retains its quaternary structure as non-classical "open" dimer conformation which seems to be necessary for interactions with the widely spaced NGFI-B response elements [29, 30] .
Further studies are required to elucidate fine structural details of the NGFI-B LBD partially unfolded intermediate observed by fluorescence spectroscopy. It is clear, however, that better understanding of the conformational dynamics and biophysical characteristics of NGFI-B LBD are important to a deeper appreciation of orphan nuclear receptor activities at the molecular level. 
